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THE CATSKILL DELTAIC COMPLEX - 
DELTAIC PHASES AND CORRELATIONS OF THE MIDDLE DEVONIAN
MARCELLUS FORMATION IN THE ALBANY REGION 
Manfred P. Wolff Hofstra University
INTRODUCTION
While studying the clay mineralogy and trace element dis­
tribution of shales within the Marcellus Formation in south­
eastern New York for the purpose of pale©environmental analysis 
and interpretation, it became apparent that the persistence of 
certain "reworked" shoreline lithosomes could provide an addi­
tional basis for correlation and environmental interpretation
(Wolff,1967a).
These rock units, occurring within the suggested time-strat­
igraphic units of Cooper (1933) and Goldring (1943) were found in 
the uppermost 150 feet of the Marcellus Formation between the 
Schoharie Valley and Port Jervis, New York (Figure 1). Their dis­
covery led to the recognition of the contact between the Marcellus 
and Skaneateles Formations of the Hamilton Group; to the exten­
sion of the marine Marcellus subdivisions from central New York 
into the Catskill front; and to the further extension of both 
these features southwestward, 80 miles along the Hoogeberg escarp­
ment, to the vicinity of Ellenville, New York (Wolff,1967b).
These units consist of a thin, sheet-like polymict, marine 
conglomerate and, somewhat higher in the section, a moderately- 
sorted, calcareous subgraywacke in the form of a series of small 
en-echelon barrier or offshore bars or beaches. Both units are 
quite thin (six inches for the conglomerate, six feet for the 
barrier bars), parallel to the outcrop and depositional strike, 
and appear to reflect the transgressive shoaling and strandline 
conditions characteristic of portions of the Upper Marcellus.
The marine conglomerate (Napanoch Conglomerate) has been 
traced from Ellenville to the southeastern corner of the Berne 
Quadrangle (Figure 1). Its westward extension as a time-strati­
graphic unit to Schoharie Valley and central New York is based 
on the faunal zonations of previous investigators and the sedi- 
mentologic features noted within the upper Marcellus sequence.
The bar-like, planar cross-bedded, sorted, calcareous subgray­
wacke (Mottville Sandstone), a unique lithologic unit that caps 
any vertical section of this formation, can be traced along the 
entire outcrop belt, but usually lies 5-25 feet above the last 
known marine beds. Its time-stratigraphic position is based on 
the association with a Mottville fauna in the Schoharie Valley 
and with the discovery of "Spirifer" sculptilis, a guide fossil
for the Skaneateles Formation, by Goldring (1943) east of the 




Though outcrops are scattered and discontinuous, and faunal
control for each section is still lacking, the use of the limited
faunal criteria, in association with the recognition of distinct 
deltaic phases (and their vertical and lateral variations), seem 
to provide a better understanding of the tectonic framework and 
the relation between sedimentation and subsidence to the deposi­
tional environments. These associations can be applied, not only 
to the Marcellus Formation, or even the Hamilton Group, but to the 
lateral and vertical development of the entire Middle and Upper 
Devonian Catskill Deltaic Complex of New York.
TECTONIC CONTROL OF DEPOSITIONAL PHASES
During this study the writer attempted to provide a strati­
graphic framework of neritic deltaic sedimentation for the classi­
cal "Catskill Delta" of New York (Wolff,1965). This was necessary 
because of the conflicting viewpoints regarding depth of water, 
the amount of depositional slope and the influence of tectonics, 
and inconsistencies within the general framework of facies and 
tectonic patterns outlined by the many previous investigators.
The interpretations from this regional study are based on detailed 
observations within the lower Hamilton Group in southeastern New 
York, a reconnaissance survey of the Upper Devonian in central and 
south-central New York, the distribution of phases in the Devonian 
Correlation Chart (Rickard,1964), and a survey of the literature.
Regional Scale
Because of the external geometry of many ancient deltas and 
the lack of impress of the deltaic environments on the sediments 
Krumbein and Sloss (1963) refer to these features as clastic wedges. 
The reason for this term is due to the tectonic influence on the 
sediments because: 1) the dominantly subsiding tendencies of the 
marginal basin cause sediment burial before the environment can 
influence the composition and geometry of the sediments; 2) the 
variable strandline position is determined by the rate of sediment 
supply which reflects the variable tectonic activity of the source 
area; 3) the borders of the sea are subject to continuous large 
scale advances and retreats with a short duration of the deltaic 
environment at any one point.
Perhaps none of these points are applicable to the Devonian 
Catskill Complex because Krumbein and Sloss fail to distinguish 
between the constructional and destructional phases of delta build­
ing (Scruton,1960), and each of the environments may have exerted 
some control on the character of the sediments, regardless of the 
tectonic influence. Though the Catskill Delta is almost entirely 
constructional (as reflected by the sediment phases), there are 
preserved a few short durations of the destructive aspects which 
allow sorting and reworking of previously deposited material.
Perhaps the term "tectonic delta complex" (Friedman & Johnson,1966) 
is more appropriate. It is noteworthy that during any of the 
destructional phases the distal parts of the basin tend to become 


















































One of the chief lines of evidence used to distinguish the 
basin, slope, and shelf environments of the Upper Devonian in 
central and western New York is the positioning of the turbudite 
sequences of the Chagrin phase (Rickard,1964) across the region 
(Rich,1951, Sutton,1960,1963, Mclver, 1961) .  Since many modern 
analogs of turbidite sequences occur on continental slopes at 
bathyal depths, few could consider the Upper Devonian marine sec­
tion as being deltaic in origin (Colton 5c de Witt, 1958, Pepper 6c 
de Witt, 1950,1951, Pepper, de Witt 6c Colton, 1956).
It seems that, if one could provide a mechanism for the 
origin, transport and deposition of the density currents on very 
gentle slopes, there would no longer be a need to envision steep 
slopes and bathyal depths in the environmental interpretation, and 
the basin-slope-shelf descriptions would be more applicable to 
deltas. The mechanism suggested (Wolff,1967a) involves the use of 
seismic vibrations and earthquakes as the triggering and transport­
ing mechanism that preceeded or accompanied the orogenic folding 
that took place in the Appalachian basin during deposition of the 
Upper Devonian strata.
The concept of contemporaneous folding and sedimentation 
initiated by Willis (1 893 ) ,  has been re-examined and popularized 
by Cooper (1961 ) ,  and has been noted in the Upper Devonian of New 
York by Woodrow (1964 ) ,  and in the subsurface by Bradley 6c Pepper 
(1938) .  Recent investigations (Fletcher 6c Woodrow, 1967) extend 
this orogenic interval to the Middle Devonian strata. The general 
orientation of the sole markings is to the west and southwest 
(Sheldon, 1929, Sutton, 1959, Mclver,1961, Colton, 1967) down the 
paleoslope and parallel to the "growing" buried major structures 
in the basin. This alignment suggests that the earthquake zones, 
with epicenters parallel to these major folds and faults, could 
activate a series of density currents at different elevations on 
the paleoslope, and thus eliminate the necessity of steep slopes 
in the marine portion of the Upper Devonian Catskill Delta Complex.
This mechanism has been used by Sorauf (1965) to account for 
the origin of flow rolls or "ball and pillow" structures (Potter 
6c Pettijohn, 1963) that occur so frequently in the Smethport phase 
(Rickard, 1964) near the transition between shelf and slope deposits. 
These large nodules of soft-sediment deformation may have begun 
as broad marine shelves or sand channels that were later contorted 
and foundered by vertical movement induced by seismic vibrations.
A summary of the work related to major sediment patterns in 
the Appalachian basin was outlined by Pryor (1961) who indicated 
that the westward transport direction, paleoslope and facies 
gradients are normal to the nearly north-south depositional strike 
while the major sand body trends are parallel to it. Other work­
ers (Pelletier, 1958, Mclver,1961, Burtner,1964) indicate that
SEDIMENTOLOGY DESIGN OF DELTAIC SEQUENCES
Provenance and Dispersal Patterns
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isopachs, sandstone/shale ratios, contours of maximum pebble size, 
and lines of equal bedding thickness are also parallel to the dep­
ositional strike. This information, in conjunction with the paleo­
current and petrographic data (Menscher, 1939, Pelletier, 1958,
Mclver, 1961. Burtner, 1964, Fletcher, 1964, Buttner, 1965, 1968, 
Lucier, 1966) substantiate the linear source to the northeast, east, 
and southeast as originally postualted by Barrell (1913, 1914).
Menscher (1939) was the first to demonstrate that the source 
for the northern Catskills could have been the Taconic Mts. of 
New England while the sediments in the Skunnemunk outlier, 40 
miles southeast of the Catskill Mts. may have come from the Man­
hattan Prong. This has been substantiated by Burtner (1963) and 
Lucier (1966) who found evidence suggesting that the eroded Ordo­
vician and Silurian sediments as well as the low-rank metamorphics 
of the New England Taconics provided a source for sediments in the 
northern Catskills while strata in Pennsylvania were derived from 
the granites and gneisses of the Manhattan Prong.
A
Characteristics of Devonian Depositional Phases
Most of the early work on the Devonian strata in New York and 
adjacent states was concerned with methods of correlation between 
different depositional phases and the significant and distinctive 
lithologic features associated with each. More recent contributions 
have been more elaborate and extensive (Chadwick, 1933, 1935, Gross­
man, 1944, Pepper, et. al., 1950, 1951, 1954, 1956, Colten & deWitt, 
1958, deWitt, 1960, Sutton, 1960, 1963, Mclver, 1961, Rickard, 1964, 
Wolff, 1965, Friedman & Johnson, 1966, Buttner, 1968, McCave, 1968, 
1969). From these investigations has arisen the recognition of 
repeating rhythmic depositional phases (Caster, 1934, Rich, 1951, 
Rickard, 1964) which are here interpreted as ancient deltaic envi­
ronments of tectonic origin (Wblff, 1965). The main characteristics 
of each phase have been described by nearly all these investigators 
and have recently been summarized by Rickard, (1964). Only certain 
aspects are presented here to illustrate their relation to modern 
deltaic environments (Figure 2).
1. Cleveland Phase - consists of relatively thin, laminated, 
fissile black shales, often calcareous or pyritiferous. It contains 
a sparce pelagic fauna and sedimentologic features characteristic of 
material being slowly deposited from suspension in an isolated 
euxinic marine basin. It is the fondoform of Rich (1951), the basin 
of Sutton (1963), and the delta toe in this study (Figure 2).
Modern analogs could include the offshore marine clays of the Miss­
issippi (Scruton, 1960), Niger (Allen, 1965) or several other deltas
(Shirley & Ragsdale, 1967).
4
2. Chagrin Phase - contains thin-bedded, dark gray fissile shales 
interbedded with lesser amounts of thin, laterally persistent, even- 
bedded or laminated siltstones or fine-grained sandstones * The 
coarser units may show graded bedding and usually exhibit sharp 
basal contacts that become gradational with the overlying shale.
They may also contain the plane-bed, laminated, and then micro- 
cross-bedded structures through a thin vertical sequence - all 
the characteristic features of turbidite deposits. Other features
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include the cyclical nature of these deposits, the persistent 
regional orientation of current structures, the associated sole 
marks and load casts, and the small-scale ripples and cross-lamin­
ation. Fossils are scarce and consist chiefly of transported 
mollusks and brachiopods as local coquinites near the base of 
siltstones. This environment is the clinoform of Rich (1951), 
and the slope of Sutton (1963), but because of the large areal 
extent of these turbidite sequences, it appears to be transitional 
between the major portion of the prodelta slope and the delta toe 
deposits, and is referred to as the distal prodelta slope in this 
study (Figure 2). Modern anologs include the prodelta slope of 
recent deltas, but for most there is little indication of large 
scale deposition from the influence of density currents.
3. Big Bend Phase - characterized by the presence of thin- 
bedded and blocky arenaceous shales, by the general absence of 
laminations, and by the development of upward-coarsening cycles 
of regional extent. This phase usually forms the thickest part 
of any contemporaneous regressive marine sequence. Though shales 
dominate, interbedded siltstones and sandstones become more common 
and more massive in the upper portion of the phase. In the Upper 
Devonian persistent horizontal laminations, flute casts, and lobate 
flow markings are common, and numerous turbidite sequences, similar 
to those of the Chagrin phase, make up much of the section. But 
these features are rare in the Hamilton Group and most of the marine 
sediments are within the Big Bend phase of sedimentation. This 
phase is not well-developed in the Upper Devonian elastics - and 
thus there is a frequent reference of a transition from the Chagrin 
to the Smethport phases of deposition (Mclver,1961, Sutton,1963).
The interbedded sandstones, while becoming more massive, 
usually exhibit no visible textural gradations and, while normally 
persistent, may pinch-out or divide into sets of beds higher in 
the section. Local lensing and broad, shallow channeling may 
occur in the transition to the overlying Smethport phase. The 
sediments are characteristic of the prodelta slope of recent deltaic 
environments and are referred to as the proximal delta slope in 
this study (Figure 2).
4. Smethport Phase - the environment of maximum variability in 
sediment type, associated structures, and sediment distribution. It 
consists largely of even or irregularly bedded olive subgraywackes 
and siltstones with lesser amounts of olive and gray-dark gray shales 
and silty mudstones. It is the first phase in which horizons of 
shale -clasts, plant fragments, and conglomerates may be noted. 
Turbidite associations are not common, but "ball and pillow" struc­
tures are abundant. Horizontal or shallow simple and planar cross­
bedding and primary current lineation are common in the gray sub­
graywacke flagstones (most are of beach, barrier bar, or point bar 
origin). Cross-bedding sizes and types are variable and most occur 
as deposits from slackening currents in intertidal or alluvial 
channels. The thin units show a variable orientation and seem to
be associated with nearshore marine or lagoonal sequences. The medium 
and thick-bedded units indicate a more consistent west and northwest 
orientation, numerous erosion surfaces with abundant intraformational 
conglomerates and plant fragments, and seem to be associated with
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D E L T A I C E N V I R O N M E N T S
| BASIN  | PRO-DELTA SLOPE DELTA PLATFORM
DELTA | 
TOE
DISTAL PROXIMAL MARINE | ALLUVIAL
| CLEVELAND | CH AG RIN | BIG BEND | SMETHPORT | CATSKILL
Figure 2. Relation of Devonian sediment phase (facies)
to deltaic environment
D E V O N I A N  D E L T A I C  S E Q U E N C E
F.C A N  ADAWAY  
E.JAVA
D.WEST FALLS  
C .S O N Y E A
B.GENESEE  
A.HAMILTON
Figure 3. Vertical sequencing of Middle and Upper Devonian deltaic 
deposits into 6 deltas based on the black shale extensions
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broad tidal channels.
Upward coarsening cycles are frequent, and still characteristic, 
but upward-fining cycles with numerous broad erosional channels 
indicate lateral as well as vertical accretion and suggest the mech­
anism which accounts for the rapid lithologic changes. Fossil assem- 
bleges occur chiefly as coquinites associated with massive fine­
grained sandstones, flagstones, or thin cross-bedded subgraywackes, 
and are dominated by spiriferoid brachiopods and pelecypods. Con­
glomerate horizons are also lenticular (surf zone reworking) or may 
occur as distinct sheets of intraformational shale or limestone 
fragments.
This environment has been described as undaform by Rich (1951), 
shelf by Sutton (1963) and is here considered as the marine delta 
platform (Figure 2). Modern analogs include the delta front plat­
form of recent deltas. Other environments within this phase may 
include: interdistributary bays, distributary mouth bars, barrier
bars, offshore bars, cheniers, tidal channels, tidal flats and 
lagoons, beaches, marshes, and spits. Several investigators have 
listed criteria used to differentiate the deposits characteristic 
of each of these environments. A partial list includes: Fisk, et.
al., (1954), Scruton (1960), Shepard & Moore (1955), Shepard (1960), 
Lane (1963), Allen (1965), Visher (1965), Potter (1967), Hoyt (1967, 
1969). In many instances the criteria used to characterize the 
sediments associated with the Mottville Sandstone are based on 
these references.
5. Catskill Phase - composed predominantly of cyclothems con­
sisting of large scale planar and trough cross-bedded, gray and red 
subgraywacke and micaceous sandstones with lesser amounts of red 
mudstones, siltstone and shale, and small quantities of olive mud­
stones, dark shales and quartz arenites. Quartz and shale pebble 
conglomerates and plant fragments are locally abundant. These up­
ward-fining cyclothems and the presence of redbeds are the character­
istic features, gray-green sandstones usually making up 60-80 per­
cent of each cycle.
Local and regional effects of compaction and subsidence are 
reflected in the development of rhythmic sequences which can be 
separated into transgressive, stable, and regressive phases (Buttner, 
1966). The inequalities in the balance between subsidence and sed­
imentation account for the lateral distribution of phases and for 
the vertical changes of position between major distributaries and
embayments.
In the Hamilton Group vertical sequences usually consist of 
an upward fining cycle changing from gray subgraywacke and siltstone 
on an erosional base that may contain shale fragments and cut and 
fill structures, to blocky red and olive mudstones and shales, fre­
quently cut into or across by the next overlying channel sandstones. 
More complete rhythms have been described by Buttner (1968) for the
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Upper Devonian which includes polymict conglomerates at the base 
and dark shales and well-sorted subprotoquartzites at the top.
The presence of abundant conglomerates is characteristic of the 
"Pocono" phase of sedimentation.
Channels are defined by planar and trough cross-bedded gray­
wackes and subgraywackes bounded by irregular erosion surfaces.
Most sets are lenticular with one to two inch cross-laminations at 
angles of 3-10 degrees. Thick planar sets are more common than 
the trough types in the initial sequence of redbeds and appear to 
indicate point bar accretion during lateral migration of stream or 
tidal channels. Rare megaripples indicate the sediment transport 
transition from lower to higher flow regimes and the migration of 
these forms into large scale cross-bedding.
The red siltstones and mudstones and olive mudstones form the 
floodplain deposits, but unlik* recent deposits of similar origin, 
appear to lack thin horizontal bedding and lamination. The red 
units are thickest near the channel deposits and thin laterally 
away from them as they grade into olive mudstones. Small tributary 
channels of thin cross-bedded sandstones may cut through some of 
these deposits and erode portions of the olive or red mudstones 
near the center of the floodplain.
The occurrence of dark gray shales with an associated brackish 
fauna (Buttner, 1965, McCave, 1966) and light gray subgraywackes 
indicate that certain areas of depression between major distributary 
systems may have been opened to the sea as lagoonal or interdistrib­
utary bay environments during periods of maximum subsidence. The 
lack of preservation of these deposits is due to the frequent shift­
ing and erosion of aggrading river channels across these regions. 
The Catskill phase has been defined as being subaerial or fluvial 
and is considered as the alluvial delta platform in this study (Fig­
ure 2 ).
Effects of Subsidence on the Depositional Phases
If the sediments phases were affected by earthquakes it be­
comes possible to consider the entire sedimentologic framework of 
the Devonian "tectonic delta complex" as being controlled by the 
almost continuous progradation of clastic material into relatively 
shallow water during nearly continuous but differential basin sub­
sidence, which led to the development of a series of overlapping 
rhythmic deltaic sequences (Wolff, 1965).
While the Middle Devonian shows the initial aspects of the 
Acadian orogeny and is characterized by a single (Hamilton) delta 
with periods of limestone deposition, the Upper Devonian exhibits 
much greater tectonic activity with nearly continuous sedimentation, 
and a series of overlapping rhythmic deltaic deposits are formed. 
Each interval begins with a period predominated by subsidence and 
a barring of the basin on the east side of the Findley Arch, pro­
ducing a thin but a really extensive black shale (delta toe environ-
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merit). Due to the subsidence, this unit forms over a previously 
deposited gray shale and siltstone (distal delta slope) and there 
is a landward shift of all the deltaic environment (Rickard, 1964) 
and then the gradual build-out of a new wedge (delta) of marine 
and continental sediments (Figure 3). Thus, each delta extends 
from the base of one black shale to the bass of the next, and its 
name follows the name of the associated stratigraphic unit - 
Genesee, Sonyea, West Falls, Java, and Canadaway (Figure 3).
The sediment phases of the Devonian Catskill tectonic delta 
complex of New York (Rickard, 1964) can be related to different 
facies of modern deltaic environments (Shirley & Regsdale, 1967).
Each phase (except Chagrin) contains features usually associated 
with shallow water (neritic) depositional environments. Gentle 
prodelta slopes and shallow distal marine environments are also 
suggested by the widespread development of black shales across 
several sediment phases and by the numerous localized domes and 
basins that affected the geometry and distribution of associated 
sediments in the deeper parts of the basin.
REGIONAL STRATIGRAPHY
Historical Development
The Devonian of New York has been recognized as a classic 
example of deltaic sedimentation in a subsiding basin since the 
work of Barrell (1913, 1914). The earliest studies of the Hamil­
ton Group in southeastern New York are found in the reports of 
the first state geological survey by Mather (1840) and Vanuxem 
(1842). The Marcellus Formation was not included in the Hamilton 
Group until the work of Darton (1894). It remained for Cooper
(1933) and Goldring (1935, 1943) to subdivide the Marcellus and to
locate the top of the marine Marcellus east of Schoharie Valley,
The boundary for the top of the Marcellus within the non-marine 
strata and the extension of the Marcellus subdivisions into the 
Catskill Mountains and southwestward along the Hoogeberg escarp­
ment was suggested by Wolff (I967b).
Marcellus Correlations
The subdivisions of members proposed by Cooper (1933) could 
not be extended east of Schoharie Valley due to the lack of guide 
fossils and the gradual facies changes; the last horizons of mar­
ine fossils were known to occur near the top of the Marcellus 
Formation. In this region the lower part of the Mottville Sand­
stone contains Parasplrifer acuminatus and Tropidoleptus sp.
Above this interval is the first occurrence of '‘Splrifer*1 saalptilis, 
an index fossil for the Skaneateles Formation (Rickard, 1964).
The lithology between these time-stratigraphic markers grad­
ually changes from marine to continental but does include the 
calcareous subgraywacke known as the Mottville Sandstone. The top 
of the Marcellus east of the Schoharie Valley is therefore designated
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as the interval just below the last appearance of Paraspirifer 
acuminatus and the first appearance of "Spirifer" sculptllls.
Since Sp. sculptllis has only been found in one locaLity east of 
Schoharie Valley, i more practical designation would be to include 
the interval below the last appearance of Parasplrifer acuminatus 
and below the first appearance of the bar-like subgraywacke referred 
to as the Mottville Sandstone. The suggested correlations for the 
Marcellus Formation and its subdivisions are illustrated in Figure 4.
The thickness of the Marcellus is estimated by Cooper (1933) 
to be 800 feet near Richmondville, and 900 feet in Schoharie
Valley. Using the interval between the Mottville Sandstone and 
the Onondaga Limestone as measured in the composite sections and 
estimated from the projected thickening rates from the Devonian 
Correlation Chart the writer would add: about 1,200 feet in the 
Alcove Reservoir area (near northeastern end of basin axis); 1,000 
feet at Potic Mt.,; 1,200 feet on Route 28 east of Ashokan Reservoir; 
and, continuing south, about 1,400 feet near Napanoch, New York.
Description and Correlations of Marcellus Subdivisions
Since outcrops are of limited extent, a series of composite 
stratigraphic sections based on elevations and dip measurements
have been included (Figure 5). A more complete description of
each exposure along with the fossils, clay mineralogy and trace
element distribution is provided by Wolff (I967a). Some of the
paleoenvironmental interpretations, based on current information,
have been updated since that time. A list of important fossils
with several illustrations is given by Dunn and Rickard (1961).
1. Union Springs Member - known locally as the Marcellus or 
Bakoven black shale (Chadwick, 1944). It is a carbonaceous, soft, 
thin-bedded, fissile shale representative of the "Cleveland" dep­
ositional phase. Overlying the Onondaga, it is in turn overlain by 
the Cherry Valley Limestone west of Schoharie Valley, and the lat­
erally equivalent Stony Hollow member east of the valley and below 
the Catskill front (Figures 5 St 6). The basal contact with the 
Onondaga Limestone is quite abrupt and Chadwick (1927) recorded an 
unconformity in the Catskill region that has also been noted at 
Mill Hook, southwest of Kingston. Cooper (1930) realized this was 
a marginal break that does not extend into the basin. The upper 
contact is frequently marked by strong shearing and deformation, 
both in outcrop and well samples, and has been noted by Rickard 
(1952) near the type section of the Cherry Valley Limestone - a 
distance of nearly 40 miles from the Catskill front.
2. Stony Hollow Member - the silty equivalent of the massive, 
gray Cherry Valley Limestone of western New York. As it becomes 
more shaley and silty it passes into the "Moscow" phase of sed­
imentation (Rickard, 1964). It consists of repetitive cycles of 
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sandstones but does not show other characteristic features usually 
associated with turbidites. The member is 25 feet thick in the 
Albany Quadrangle and increases to 140 feet at the type section west 
of Kingston.
The basal contact is a transitional sequence of medium-grained 
calcareous sandstones interbedded with black shale and some crystal­
line limestone as a fracture filling. This zone is marked by some 
deformation and vertical cleavage indicating the residual effects of 
the overthrusting below. The upper contact with the Chittenango 
Member (lower Mt. Marion of Chadwick, 1944) is also transitional 
and marked by change into black, non-calcareous, massive arenaceous 
shales with a blocky or knobby fracture pattern, and a few thin 
siltstones.
3. Chittenango Member - a continuation of this unit from cen­
tral New York (Figure 6) is based on thickness of strata between 
the Stony Hollow and the Meristella - coral horizon. East of 
Schoharie Valley and in the Berne Quadrangle the black fissile shales 
of the Chittenango (Cleveland Phase) are replaced by arenaceous 
shales and siltstones of the "Big Bend" phase with the appearance
of the coral horizon near this contact. Since the thickness of the 
characteristic Chittenango lithology decreases as the section be­
comes more arenaceous eastward, nearly 100 feet of the Stony Hollow 
must be temporally equivalent to this unit. An additional 120 feet is 
supplied by the section between the top of the Stony Hollow and the 
Meriste11a - coral horizon. Thus the Cleveland phase of the Chit­
tenango west of Schoharie Valley changes to the Moscow and Big Bend 
phases as it increases in thickness eastward.
4. Otsego Member - this and the overlying Solsville Member 
make up a large part of the previously undivided Mt. Mation Form­
ation of Chadwick (1944) which forms the prominent portion of the 
Hoogeberg escarpment beneath the Catskill Mts. (Figures 5 & 6).
As also indicated by Rickard and Zenger (1964) in the Cooperstown 
Quadrangle, both these units consist of upward coarsening sequences.
The Otsego lithology is similar to the Big Bend phase, consis­
ting of dark gray fissile and arenaceous shales with light gray 
lenses and layers of siltstones and fine-grained sandstones that 
gain prominence as one- ascends the section. The turbidite features 
associated with the Chagrin phase are lacking and there are no 
fossil horizons available for zonation. Along the Hoogeberg escarp­
ment, the lower and upper portions of the Otsego can be distinguished 
by the distribution and type of siliceous concretions that occur 
in the shales.
While the lower contact of the Otsego has a time-stratigraphic 
basis, the top of the unit was mapped by lithology and a general 
faunal assemblege. Cooper and Goldring (in Goldring, 1943), on the 
basis of this assemblege, located the upper part of the Otsego 
in the Berne Quadrangle and the top of the Otsego in the Coxsackie 



























































































capped (within 20-30 feet) by a zone of "ball and pillow" structures 
(flow rolls) or massive and laminated fine-grained sandstones. This 
lithologic contrast has been found to be laterally persistent along 
the Hoogeberg escarpment and seems to be a valid criterion for 
noting the top of the Otsego or base of Solsville Member.
5. Solsville, Pecksport, and Mottville Members - the litho-
some degree from Schoharie Valley to the Hoogeberg escarpment.
Since their total stratigraphic interval is not excessively thick 
and the section is capped by a rock and time-stratigraphic marker, 
an attempt has been made to subdivide these units whenever possible 
across each of the quadrangles (Figures 5 & 6).
Schoharie Quadrangle
Cooper noted that east of Cooperstown the massive, fine­
grained Solsville continued to persist and separate the Otsego 
and Pecksport shales. In Unadilla Valley and eastward, this was 
no longer the case, there was also a gradual faunal replacement, 
and the entire interval was referred to as the Panther Mt. Formation 
(Figure 6).
In the Schoharie Valley, Cooper extended the top of the Otsego 
to the base of Towpath Mt., and to Bouck's Falls, on Panther Creek, 
south of Towpath Mt. The presence of fine-grained sandstones and 
"ball and pillow" structures capping the shale sequence of the 
Otsego indicates the continuation of an upward coarsening sequence 
(as also noted by Rickard and Zenger) near the base of the Solsville.
On the east side of Schoharie Valley the lower third of 
Walhalla Mt. contains a fauna (described by Prosser, 1899) and 
lithology suggestive of the criteria used to define the upper 
Otsego along the Hoogeberg escarpment. The upper portion of this 
sequence, near Breakabeen, has a fauna and lithology similar to the 
gorge above Bouck's Falls and suggestive of the upper Solsville.
Due to lack of outcrop, differentiation of the Solsville and Pecks­
port was not attempted, but the Mottville (highest occurrence of 
Paraspirifer acuminatus) was located by Cooper at Hony Hill and 
this region also contains the calcareous subgraywackes character­
istic of the Mottville Sandstone, (best exposed on Route 145 north 
of Franklinton).
Marine strata (Smethport phase) occur in this region for 
another 700 feet (Panther Mt. Member of the Skaneateles Formation) 
but these grade rapidly into the redbeds that establish the base 
of the time-transgressive Plattekill Member (Catskill phase).
Berne Quadrangle
The upward coarsening sequence of arenaceous shales into 
massive fine-grained subgraywackes and thin-bedded flagstones,
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characteristic of the Solsville farther to the east first appears 
in Brat Hollow southwest of Berne. Higher in the section Prosser 
(1899) has described a fauna suggestive of the top of the Pecksport 
that has also been noted by Goldring in other parts of the quad­
rangle. The strata are capped by calcareous greenish subgraywackes 
(Mottville Sandstone); redbeds occur forty feet above this interval 
(Figure 5).
At Rensselaerville the Solsville and Pecksport could not be 
faunally or lithologically differentiated, but some small barrier 
bars suggest the presence of shoaling that is characteristic of 
the Mottville. The associated olive and gray shales contain a 
brackish fauna (Goldring, 1933) and are overlain by red and green 
blocky mudstones.
The fine-grained sandstones and "ball and pillow" structures 
defining the base of the Solsville occur in South Berne. The pre­
sence of Schizophoria striatula and several other fossils is indic­
ative of the Pecksport. Several coquinite horizons in "flagstone" 
quarries containing this assemblege were located near Westerlo, near 
the southern border of the Berne Quadrangle, and farther south, in 
the Durham Quadrangle.
A similar fauna (without Schizophoria) again as coquinite lenses 
occurs northeast of Westerlo, 150 feet lower in the section. This 
locality defines the top of the Solsville, and has also been found 
20 feet above a marine conglomerate in Dormansville. This is the 
first location of the Napanoch Conglomerate, a key zone used to 
define the top of the Solsville and base of the Pecksport (Figure 7) 
from this region 75 miles southwestward to 311enville, New York.
Coxsackie Quadrangle
The contact between the Otsego and Solsville Members, when 
faunal evidence is lacking, has been taken at the initial position 
of massive fine-grained sandstones above a thick sequence of dark 
arenaceous shales. Outcrops are few along the northern part of this 
region, but the contact is projected by the marked sharpening of 
relief at 1,500 feet at Wolf Hill in the Northern Helderbergs, 1,250 
at Cass Hill, 1,130 on Derbyshire Road, and 900 feet on the hill 
northwest of Alcove Reservoir. The top of the Otsego was time- 
stratigraphically located by Cooper (1933) 3 miles south in the 
Alcove Reservoir Spillway at an elevation of 500 feet. "Ball and 
pillow" structures with coquinites occur 100 feet higher, and the 
section is capped by spheroidal quartz and rod-shaped siltstone and 
chert pebbles in a sandy matrix also containing macerated remains 
of Mucrospirifer (Figure 5).
A calcareous subgraywacke, weathering reddish, overlies 15 
feet of arenaceous shales and mudstones on the Alcove-Newrys Road,
240 feet higher in the sequence. Coquinites in "flagstones" occur 
140 feet higher in the section. This area, first studied by Gold­
ring (1943), is important because:
1) It is the only area known, east of the Schoharie Valley,
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where a marine fauna occurs above the sandstones representing the 
Mottville Member.
2) The faunal assemblege is distinguished by the presence 
of "Spirifer" sculptllls (index fossil for the Skaneateles Form­
at ionT~and~Pterino£ecten_jriacrod£nta> last noted 10 feet below the 
top of the marine Marcellus at Rensselaerville Falls. Also im­
portant is the absence of Paraspirifer acuminatus and Schlzo- 
phorla striatula, last seen m  the Pecksport Member.
Correlations in the southern part of the quadrangle are 
rock-stratigraphic. The Napanoch Conglomerate has been noted at 
Cole Hollow and on Catskill Creek near the south end of Potic Mt. 
The Mottville Sandstone can be located at the Spillway east of Po­
tic Reservoir and in Catskill Creek directly below the first red- 
beds.
Catskill & Kaaterskill Quadrangles
From the vicinity of Potic Mt. near the northern border of 
the Catskill Quadrangle the Otsego and Solsville Members (Mt. 
Marion of Chadwick, 1944) extend as a continuous ridge of arena­
ceous shales and massive, dense, siltstones and thin cross-bedded 
subgraywackes (the Hoogeberg escarpment) that extends southwest­
ward to Port Jervis. Outcrops can be examined along the numerous 
streams and roads that dissect the ridge at various intervals 
and provide a moderate degree of stratigraphic control between 
sections (Figure 5). The fauna duplicates that of the northwest­
ern sections and a complete list has been provided by Prosser 
(1899), Goldring (1943), and Chadwick (1944).
The section at High Falls on the Kaaterskill includes the 
Solsville and Pecksport, but the conglomerate has not been loc­
ated here - though it does occur north and south of this local­
ity. The Mottville Sandstone occurs 0.4 miles to the west. The 
most complete section occurs along Route 32 near Quarryville where 
a nearly continuous section between the Stony Hollow and the 
Panther Mt. is located. Another good section is found between 
Hallihan Hill and Sawkill Creek. The Mottville Sandstone occurs 
0.4 miles westward on the Zena-Saw Kill Road south of Kingston 
Reservoir.
Rosendale and Slide Mt. Quadrangles
The Solsville Member occurs near the top of a quarry on the 
south side of Route 28 (west of Stony Hollow) while "ball and 
pillow" structures and the Napanoch Conglomerate occur in road 
cuts on the north side of Route 28 about 150 feet higher. The 
top of the Pecksport (with Schizophoria striatula) occurs in a 
quarry on Route 28, 0,3 miles west o£ Binnewater Lake. The con­
glomerate and the Mottville Sandstone are well exposed on Route 
28 and 28A between Stony Hollow and West Hurley. Further sections 
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Figure 7. Composite vertical section of Marcellus and Skaneateles
Formations in southeastern New York
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DELTAIC SEDIMENTATION WITHIN THE MARCELLUS FORMATION 
The Vertical Profile
"Each fundamental sedimentation process produces a specific 
environmental distribution of sediment and a specific vertical 
profile which can be used as a standard in interpreting the geologic 
section" (Visher, 1965). The "standard" vertical profile for the 
Marcellus and Skaneateles Formations is illustrated in Figure 7.
In New York and Pennsylvania, the Onondaga-Union Springs 
contact is a surface of disconformity and erosion (Chadwick, 1927, 
Willard, 1936). The erosion is slight and may only be local, but 
it does indicate shallow seas were initially present.
The deposition of the Union Springs, Stony Hollow, Chitten- 
ango, and Otsego Members can be described as a typical "fill in" 
(Krynine, 1959) marine sequence or an upward coarsening progra­
ding deltaic deposit containing the physical attributes of the 
Cleveland, Moscow, and Big Bend phases of deposition. During this 
interval sedimentation was greater than subsidence and the seas 
remained relatively shallow during the formation of these deposits.
The change to features characteristic of the Solsville Member 
(Smethport phase) also indicates the change from basin and slope to 
shelf deposits and a change from a predominance of shale to a pre­
dominance of massive and cross-bedded sandstones. Zones of "ball 
and pillow" structures are also characteristic, and have also been 
noted in the Upper Devonian in many parts of the state. The per­
sistence and fabric of the marine conglomerate in this zone supports 
the contention of Soruaf (1965) that these are channel deposits 
which in this case have been reworked and redistributed in the surf 
zone.
The Napanoch Conglomerate consists of poorly sorted but mod­
erate to well-rounded sub-spherical white quartz and quartzite pebbles 
and oblate and prolate spheroidal and bladed dark gray and green 
siltstone and black chert pebbles. The quartz and chert pebbles 
have a maximum diameter of about an inch, but are usually 0.5 inches 
or smaller. The siltstone pebbles have a maximum size of 4.5 
inches in their longest dimension and frequently lie parallel to 
the strandline. The entire horizon is no more than eight inches 
thick, with the pebbles dispersed through reworking in a matrix 
of coarse and medium sand, and some broken shell fragments. This 
unit marks the end of the upward coarsening Solsville sequence, and 
is in close proximity to the shoreline.
#
The overlying strata, now within the Pecksport Member, indi­
cate the progressive change from littoral to subaerial conditions. 
Massive fine-grained sandstones and "ball and pillow" structure 
horizons grade upward into laminated and thin-scale planar cross­
bedded subgraywackes containing alpha, beta, and gamma cross­
stratification (Allen, 1963). Interbedded dark gray shales and 
mudstones, some associated with flaser bedding, are also common.
The sediments are characteristic of the Smethport phase and indi­
cate lateral as well as vertical migration of several broad tidal 
channels on the delta platform. The appearance of dark shales and
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olive mudstones indicates the association of lagoons and tidal 
flats with the channel deposits.
The only evidence of a transgression is the relatively thin 
reworked calcareous subgraywacke in the shape of an offshore bar, 
(Mottville Sandstone). The orientation of the bar, the steeper 
inclination toward the landward side, and the associated litho­
logies and structures (Figure 8) all indicate an orientation 
parallel to the depositional strike. Successive bars may exist 
seaward and produce a net offlap in the sequence. This interval 
represents a time of lesser sedimentation when during subsidence, 
sediments had more of an opportunity to be reworked, transported, 
and deposited by longshore and tidal currents.
The associated sediments and structures about these bars are 
characterized by their variability, for no two sections are sim­
ilar - Figure 8 represents an attempt at a section, but is based 
on a composite from several sections. The variable lithology at 
the base of the bars and in the lateral gradations, and the var­
iable position with respect to the last marine horizon tentatively 
suggest that the feature represents an offshore bar in the Schoharie 
Valley region, a beach and barrier bar complex north of Kingston, 
and a series of beach and chenier deposits in the Ashokan area; 
sufficient data concerning the lithosome geometry is not available 
to substantiate these inferences.
The overlying shift into the fluvial environment of the 
Catskill phase, recognized as the Plattekill Formation (Fletcher, 
1963) is not only time-transgressive but transitional. The litho­
logies, contact relations and fabric of the associated sediment 
bodies, disregarding the presence of redbeds, are quite similar 
and one is hard pressed to find methods of distinguishing members 
within this formation on criteria other than color.
Lateral Sediment Associations
The lateral sediment associations, based on the composite 
sections (Figure 5) and other outcrops are not presented in any 
great detail. For more complete information the reader is referred
to Wolff (1967a).
The variable thickness of the marine lithofacies between Scho­
harie Valley and Alcove Reservoir, as well as the northward coarsen­
ing of sediments and the presence of dull maroon beds in the vicin­
ity of Towpath and Petersburg Mts. suggest that much of the Panther 
Mt. Member has had a northern as well as eastern source. The inclin
ation and orientation of the longshore bar at Franklinton also 
suggests a landmass to the north or northeast. Thus, much of the 
Panther Mt. may be a prograding delca slope and platform deposit 
(Smethport phase) building southwestward into the basin.
The Cleveland, Moscow, and Big Bend phases do not exhibit large 
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Ashokan Reservoir, and in general, lateral variations are quite 
indistinct. It is only from the zone of "ball and pillow" struc­
tures upward (largely in the Smethport phase) that lateral varia­
tions become dominant.
The area in the vicinity of Alcove Spillway contains an anoma­
lously thick section (Figure 5), a marine re-entrant well above the 
Mottville Sandstone, and lack of "redbeds" for another 250 feet in 
the section. This embayment (Albany Bay of Goldring, 1943) appears 
to be tectonically controlled for marine conditions persist above 
coarse subgraywacke and interbedded shales (Figure 9).
The area east of Ashokan Reservoir contains a Marcellus marine 
fauna in dark arenaceous shales above the initial sequence of cross­
bedded subgraywackes, but below the Mottville Sandstone. The pres­
ence of Schizophoria in these lagoonal deposits (Cooper, in Goldring, 
1935) led to the recognition of the Pecksport Member in this region 
and the appearance of marine conditions above the first channel 
sandstones again suggests a period during which subsidence dominated 
over sedimentation.
Several other features indicate a rapid influx of sediments 
from the northern margin of a large clastic wedge, centered in the 
vicinity of Sllenville, that spread into the basin. These include:
a. An increase in the thickness of the Stony Hollow, Otsego, 
and Solsville Members as well as an increase in the Smethport phase 
(initial redbeds do not appear until one is 320 feet above the Mott­
ville interval).
b. The progressive southward increase in the size and abun­
dance of pebbles and pebble horizons, and flow rolls, and flow 
roll horizons.
c. The presence of a shallow tidal channel trending southeast 
truncated by the subgraywacke Mottville Sandstone and a series of 
blanket sand deposits (cheniers) interbedded with olive mudstones 
and shale-pebble conglomerates.
These features suggest that tectonic activity may have increased 
to the southwest. A generalized interpretation of the lithofacies 
and paleogeography of the Mottville interval across this region is 
shown in Figure 9. The field trip includes a vertical section of the 
Marcellus sequence and will attempt to cover several of the lateral 
sections associated with the Mottville Sandstone.
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Figure 9. Location of embayments in Smethport phase during
deposition of Mottville Sandstone
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Devonian Marcellus Trip -
We will drive the maximum distance to be encountered at any 
single time to Stop 1. (nearly 60 miles on the Thruway-about one 
hour). The remainder of the day will bring us closer to the point 
of origin. The general route and location of stops are noted in 














Turn right (north) onto Washington Ave. in front of the 
Thruway Motor Inn and follow signs to N.Y. Thruway.
Turn sharp right onto ramp that leads into Thruway.
Follow signs overhead that lead to Thruway-South (N.Y.C.) 
Toll booth at Exit 24; pick up card and follow left 
fork to New York City and South. Toll to Kingston
(Exit 19) is 90c.
Pass by Albany Exit 23, continue straight on Thruway.
Pass by Catskill Exit 21; you are now half-way.
Exposure of Chittenango Member on west side of Thruway. 
Outcrop of Stony Hollow Member on west side of Thruway.
Toll booth at Kingston Exit 19 (90c from Exit 24).
Go \ way around traffic circle and follow overhead signs 
to Route 28-north (avoid going on Rt. 209).
Stop 1. Cliff face at intersection of Rt. 28 with road 
to top of Sky Top Motel. Turn right and park along road
at base of cliff.
Stratigraphic units: Union Springs and Stony Hollow.
Deltaic phases: Cleveland and Moscow
Description: Only the upper 20 feet of the calcareous, black, fis­
sile shales of the Union Springs are exposed. Though fossils
, thin limestone layers or black calcareous concretions (2-3 
in diameter) are sometimes noted in the upper portion of the 
unit. Westward overthrusting and shearing have produced quartz- 
filled tension fractures and local zones of Slickensided vitreous, 
black shales, especially near the contact with the Stony Hollow.
The contact is 
what more resistant strata.










lithology controls the 
in fracture pattern and surface weathering between the two
Interpretation: The Union Springs, though rarely exposed in this
region, shows little vertical or lateral variation and exhibits 
features characteristic of the Cleveland depositional phase. Its
Limestone indicates it is aproximity to the underlying 
euxinic shallow-water deposit.
more clearly observed and interpreted at Stop
Onondaga
The Stony Hollow Member can be
2.
59.1 0.3 Continue northwest on Rt. 28; stop at the steep cliff on
the north side of the road.
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M O r f ' C
Figure 10. Route and location of road stops and driving time
between Albany and first and last stops.
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Type section of Stony Hollow Member
Stratigraphic unit: Stony Hollow 
Deltaic phase: Moscow (Chagrin in part?)
Description: This section consists of 130 feet of calcareous silt
stone and shale. The silty units dominate the sequence, are more 
calcareous, and weather to a buff-orange (the carbonate may be of 
detrital origin). Individual beds vary from one inch to more than 
one foot in thickness. Weathering accentuates the vertical litho­
logic contrasts of interbedded siltstone and shale and points: out 
the persistence of the irregular laminations. These features 
could suggest deposition from density currents, but this is not 
clearly supported by the internal structures. The vertical con­
tacts between the cyclical depositional units are not smooth and
sharp but irregular and gradational (no strong erosional contact). 
The basal unit is not graded, though the overlying portion may 
show irregular and micro-crosslaminations, and is, in turn, over- 
lain by a thin shale seam. The micro-crosslaminations are not
continuous nor do they maintain a persistent orientation. Much of 
the silt-sized material is carbonate and may be of detrital origin
Interpretation: Most of the sequence probably formed by deposi­
tion from normal marine currents, but the presence and persistence
of "subdued" turbidite features could also suggest that portions 
of the unit may have been redeposited as slow moving density 
currents. The abundance of carbonate material places this member 
in the Moscow phase of sedimentation.
0.3 Continue northwest on Rt. 28; exposure of Chittenango
Member on south side of road
60.0 0.3 Diner and gas station - Rest Stop (10 minute
0.3 Outcrop of Otsego Member on north and south side of
Route 28.
61.2 0.7 Junction with Route 28-A; bear left onto Route 28-A.
0.3 Exposure of Lower Solsville "ball and pillow" struc­
tures (flow rolls) on north side of road.
0.7 St. John's R.C. Church - Napanoch Conglomerate exposed
100 yards east of church on north side of Rt. 28-A.
0.2 Junction with Morgan Hill Road (Oehler's Mt. Lodge)-
continue straight on Rt. 28-A but note complex planar 
crossbedded sandstones of Pecksport Member on south
side of road.
62.6 0.2 Stop 3-A Junction of Rt. 28-A and road to West
ey ft.R. Station and Rt. 28.
Stratigraphic units: Pecksport and Mottville
Deltaic phase: Smethport
|  •
Description: We have passed through the prodelta slope and distal
delta platform deposits in this region to concentrate on the 
neretic, supratidal and alluvial environments of the proximal delta 
platform. Note the numerous lateral and vertical changes in con­
tact relations, lithology, and sedimentary structures across the
outcrop.
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The base of the exposure consists of flat-bedded subgraywacke 
flagstones on the north (right) while arenaceous dark gray shales 
occur at the southern end. This is overlain by a discontinuous, 
lens-shaped dark shale truncated by a trough-shaped erosion sur­
face. The trough is filled with thick sets of planar cross­
bedded that grade into nearly horizontal interbedded sandstones 
and shales on the south. The lowest point in the trough contains 
coarse sands with numerous shale clasts and plant fragments and 
indicates a local (anomalous) relief of 6-7 feet,(Figure 11).
The sequence is truncated by a slightly undulatory contact 
and is overlain by a moderately-sorted calcareous subgraywacke 
with long planar crossbeds dipping to the northwest. The unit 
becomes coarser vertically and decreases in thickness to the 
north. The upper portion of this unit contains smaller sets of 
wedge-shaped planar crossbeds separating local scour and fill 
surfaces.
A few inches of gray shale overlie this unit and is capped 
by a thin, irregularly laminated subgraywacke, 1-2 feet thick, 
that grades upward into a gray-green knobby silty mudstone.
This is followed by another laminated, moderately-sorted subgray­
wacke - knobby green mudstone sequence.
Interpretation: The planar crossbedded sandstones across the
erosion surface and the vertical and lateral changes in texture 
and structure indicate a tidal or supratidal channel, sloping 
to the southeast, and undergoing lateral migration from point 
bar deposition toward the south (Figure 11). No marine fossils 
have been found at this outcrop.
The contact with the moderately-sorted Mottville Sandstone 
marks the beginning of an interval of sediment reworking and the 
formation of thin beach or barrier bar deposit. The slope of 
the channel indicates transport to the southeast - exactly
to the known land-sea relations in this region. This
ved to be a local feature related to the folding and 
uplift that occurs in slightly younger strata at the Ashokan 
Reservoir Spillway southwest of this exposure, and suggests 
that some tectonic adjustments were contemporaneous with deposi­
tion during the formation of these units. All other regional 
and local dispersal features indicate transport to the west and 
northwe st.
The thin, laminated subgraywacke above the barrier bars are 
also persistent, and their gradation and association with the 
green-gray silty mudstones (upward-fining sequence) and numerous 
plant fragments suggests they may be cheniers.
62.7 0.1 Stop 3-B Continue north on the West Hurley Road toward
the junction with Route 28.
Stratigraphic units: Mottville and Ashokan
Deltaic phases: Smethport and Catskill
Description: The lower exposure is the bar-like continuation of
the Mottville Sandstone. The basal contact with gray arenaceous
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Figure 11. Channel with slope opposite regional dispersal patterns 
beneath Mottville Sandstone on Route 28-A (Stop 3-A)
Figure 12. Interbedded wedge-shaped sandstone and shales in
Ashokan railroad cut (Stop 4)
20-30
shales Is sharp while the upper contact shows the superposition 
of large and small-scale ripples and another sharp contact with 
the overlying orange-weathering, knobby, olive mudstone.
The upper exposure is composed of two laminated, moderately- 
sorted subgraywackes, three to four feet thick, with ten feet of 
a dull maroon - olive silty mudstone between them. Note the 
gradational contacts between the two units.
Interpretation: These sandstones are the landward extension of 
subgraywackes on Route 28-A and again are enclosed in nonmarine 
strata. The local effects of uplift are reflected in the oxida­
tion of the silty mudstones - these are the only red sediments 
for another 350 feet in the section. The upper units are con­
sidered cheniers because of their sorting, laminations and asso­
ciation with olive and red mudstones. This section is overlain 
by scoured surfaces and with planar and trough crossbedded sub­
graywacke channel sandstones dispersing sediments northwestward
into the basin.
0.3 Continue north on road to Route 28; note gray channel
sandstones of Ashokan Member on south side of road.
63.5 0.5 Stop 4 . Turn right onto deadend dirt road just before
railroad overpass and junction with Route 28.
Stratigraphic unit: Ashokan Member
Deltaic phase: Catskill
Description: Section consists of several "upward fining" cycles
characteristic of channel fill sediments in alluvial sequences. 
Unlike the typical Catskill phase, there are thick sequences of 
planar crossbedding, numerous interbedded siltstones and shales, 
a lack of redbeds, and the general absence of a clear vertical 
zonation of plane beds, large and small scale ripples, and other 
sedimentary structures that characterize alluvial sequences.
The channels lie on erosion surfaces of asymmetric ripples 
and are filled with planar crossbedded graywacke and subgraywacke 
also containing horizons of shale intraclasts, concretions, and 
abundant plant fragments. Many of the interbedded gray siltstones 
and dark arenaceous shales are lens-shaped and discontinuous due 
to the lateral erosion.surfaces. The interbedding between sand­
stone and shale units is quite prominent (Figure 12).
Interpretation: The planar crossbedding of subgraywackes and the
wedge-shaped interpenetration of fine-grained sandstones and shales 
reflect the lateral migration of point-bar deposits. This is also 
evident by the lateral erosion surfaces across discontinuous shale 
sequences. The presence of vertical and lateral accretionary 
deposits suggests the formation and migration of alluvial channels
across a supratidal sequence.
0.1 Exit and continue north beneath railroad overpass to
junction with Route 28. Turn right - you are now
heading east back toward the Thruway.
0.5 Outcrops of Ashokan units previously seen in R.R. cut.
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64.3 0.2 Stop 5. In parking area at base of road cut on south
e of Route 28.
Stratigraphic units: Pecksport - Mottville - Ashokan
Deltaic phases: Smethport and Catskill
Description: Base of section contains 22 feet of irregularly
stratified and cross-laminated brownish siltstone and interbedded 
black shale. Ripple marks, shale clasts, worm tubes, and a 
marine fauna with characteristic PecksDort fossils are also pre­
sent. The shales are overlain by a planar cross-bedded and lam 
inated moderately sorted subgraywacke, about seven feet thick.
The upper portion contains some scour and fill surfaces contain­
ing wedge-shaped sets of planar cross-beds with some change in 
orientation or inclination. The contact with the overlying s.iale 
is sharp and a sequence of interbedded massive sandstones and 
shales, 3-6 feet thick follows. These are sharply truncated by 
a series of northwest trending erosional channels filled with 
trough cross-bedded sandstones and siltstones that connect with 
the section exposed in the railroad cut.
Interpretation: This outcrop lies one mile northwest of Stop 3
and is more typical of the Mottville exposures north and south 
of the Ashokan area. The persistence of marine conditions above
the first cross-bedded sandstones (35 feet below this section) 
and behind and below the barrier bar indicate the development 
of a lagoon or embayment. The widespread and steep erosional 
channels above this sequence indicate the rapid change to 
prograding intertidal and alluvial conditions that persist well 
into the Upper Devonian of the Catskill front.
0.6 Continue east on Rt. 28; base of Pecksport, with
planar-cross-bedded sandstones is on north side
of road.
0.2 Exposure of upper Solsville Member with Napanoch
Conglomerate on north side of road.
0.3 "Ball and pillow" structures at base of Solsville.
65.7 0.3 Junction of Rt. 28 with Rt. 28-A. Travel "loop"
is now complete; continue east on Rt. 28 to
Thruway entrance.
3.1 Toll booth at Thruway. Go north to Saugerties -
Rt. 32 (Exit 20)
80.0 10.2 Exit 20 on Thruway (20q toll); turn left and fol­
low signs to Rt. 32 - north (Hunter & Palenville). 
0.2 Turn right onto Route 32-north.
83.0 2.8 Stop 6-A. Park on right (north) side of Rt. 32
about 1/3 of way up the Hoogeberg ridge. 
Stratigraphic unit: Otsego
Deltaic phase: Big Bend
Description: Lower outcrop (6-A) consists of 1-6' sequences of
interbedded blocky arenaceous shales and massive siltstones. 
Laminations and other internal sedimentary structures are not 
common and most contacts are gradational. The abundance and 
thickness of the sandstones increases vertically in the section
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83.2 0.2 Stop 6-B. Farther along Hoogeberg escarpment on
Route 3 2 .
Stratigraphic units: Solsville-Napanoch-Pecksport
Deltaic phases: Big Bend and Smethport
Description: Upper outcrop (,6-B) contains a contorted, massive,
argillaceous sandstone, about eight feet thick, as the basal 
unit. Host of the 75 feet of the section is composed of these 
massive units, usually 2-3 feet thick, deformed into "ball and 
pillow" structures with the dark interbedded shale squeezed and 
deformed about them. Several coquinite horizons are present, as 
well as a thin but laterally persistent marine conglomerate. The 
deformed structures as well as the undeformed massive sandstones 
continue to dominate the higher portions of the sequence. These 
may weather a dull maroon and some contain red and black shale 
fragments or small concretions near their upper contact. Mucro- 
spirifer and Tentaculites persist to the top of the section.
Interpretation: (6-A and B) The upward coarsening progradation
is evident in the lower (Otsego) as well as the upper (Solsville) 
exposures. The persistence of these upward coarsening units, as 
well as the conglomerate and "ball and pillow" structures along 
the depositional strike for 80 miles indicates the wide extent of 
this vertical zonation, and is used to define the prodelta slope 
and marine platform of this deltaic sequence. No attempt has been 
made to correlate tectonic events through the tracing of "ball and 
pillow" structure horizons but this seems possible if more sections 
were available.
83.5 0.3 Stop 6-C. Near crest of Hoogeberg escarpment on Rt. 32.
Stratigraphic units: Mottville and Ashokan
Deltaic phases: Smethport and Catskill
Description: The top of the marine section with the massive lam­
inated fine-grained sandstones and "ball and pillow" structures is 
overlain by 14 feet dark gray barren shales and medium simple- 
crossbedded and flatbedded subgraywacke (most have been quarried 
as "flagstone") with abundant plant fragments.
This is overlain-by massive gray siltstone and laminated, 
calcareous, planar cross-bedded , well sorted subgraywacke, about 
five feet thick, lying on a wave scoured erosion surface and con­
taining a basal intraformational conglomerate of shale clasts.
More complex scour and fill and planar cross-bedding occur near 
the top of the unit. It is overlain by two feet of olive-gray 
knobby mudstone and a sheet-like laminated moderately sorted sub­
graywacke , a bout one foot thick. A steep erosional contact follows, 
above which are laminated planar crossbedded sandstone also con­
taining the mold of a portion of the Middle Devonian tree-fern, 
Eospermatoperis (Figure 13). These sands are also truncated by 
erosional surfaces higher in the section (Figure 14).
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Figure 13. Sospermatoperls mold in channel sandstone above
Mottville Sandstone on Rt. 32 (Stop
Figure 14. Truncated planar cross-beds above Mottville Sandstone
on Route 32 (Stop 6-C)
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Interpretation: The description (and the interpretation) is quite
similar to Stop 5 on Route 28* The Mattville Sandstone is again 
truncated by channel deposits also containing tree remains, and thes 
la turn are overlain by other channel deposits - all sloping to the 
northwe st.
This is the last outcrop before the lunch stop (distance of 10 
miles). The next exposure to be visited is on the other side of the 
basin - 30 miles from this section.
93,1 9.6 Lunch Stop - Hike's Diner on Route 32.
96.3 3,2 Alternate Lunch Stop - Rockface Diner on Route 32.
96„5 0.2 Intersection of Route 32 with Routes 23 and 145 (traffic
light). Turn left (west) and park when ready to continue 
field trip. We will meet here at a time designated by 
field trip leader.
1.5 Exposure of channels and red flood plain deposits of
Plattekill Member.
98.2 0.2 Traffic light - turn right (north) on Route 32. Routes
23 and 145 continue straight ahead.
1.0 Steel bridge on Route 32 across Plattekill Member
102.7 3.5 Town of Freehold
107.0 4.3 Junction with Route 81 in Greenville-continue straight
on Route 32.
113.4 6.4 Junction with Route 143 - turn left onto Route 143,
113.6 0.2 Stop 7-A. Park at Westerlo firehouse on Route 143.
Stratigraphic units; Solsvilie-Napanich-Pecksport 
Deltaic phase: Big Bend
Description and Interpretation - see 7-B
113.9 0.3 Stop 7-B. In quarry on top of hill on left (south) side
of Route 143.
Stratigraphic unit: Fecksport
Deltaic phase: Big Bend
Description: (7-A and B) A sequence of "ball and pillow" structures
with the polymict marine conglomerate in interbedded fine-grained 
sandstones and shales occurs 0.2 miles down the road. This section 
at the firehouse, normally composed of laminated fine-grained sand­
stone and "flagstones", is similar to the one below, and even contains 
another conglomerate. Marine arenaceous shales and massive laminated 
siltstones continue to persist above this outcrop and the section (and 
ridge) is capped by a laminated sandstone interbedded with shales
containing several coquinite horizons that suggested the Pecksport.
Member to Cooper (in Goldring, 1943).
In te rp re ta t io n :  The p e r s i s t e n c e  of m a r in e  conditions fo r  ov e r  100 feet above the
con g lo m era te  is unknown e lse w h e re  in the M a rc e l lu s  F o rm a t io n .  The sp l i t t ing  of
the co n g lo m era te  into two un i ts ,  the p re se n c e  of m a s s iv e  lam ina ted  m a r in e  sandstones ,
and the p e r s i s t e n c e  of s e v e r a l  coqu in ites  is  a lso  unknown in the sec t ions  along the 
H oogeberg  e s c a rp m e n t .
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The persistence of marine conditions through a greater vertical 
section suggests the presence of a tectonically controlled em- 
bayment (Albany Bay of Goldring, 1943). The splitting of the con­
glomerate suggests a change and addition of another source 
and, based on the stratigraphic position of "flagstones" in the 
Reidsville quarry north of this stop, the development of another 
delta lobe from the northeast. Thus, the Pecksport Member is 
abnormally thick in this region due to the greater sedimentation 
that accompanied subsidence. Yet, near the top of this unit, and 
in the quarries at similar elevations throughout the Beme-Westerlo 
region, the abundance and persistence of coquinites and general 
lack of "ball and pillow" structures indicates that there were also 
periods of great stability.
In summary, this region is a tectonically controlled embayment 
that occurs in the transition between the tectonically active sed­
imentation patterns to the southwest, along the Hoogeberg escarp­
ment, which led to the development of persistent linear features, 
and the relatively stable deposits striking westward toward 
Schoharie Valley and central New York which show irregular curving 
depositional trends.
114.3 0.4 Stop 8. On Route 143 in depression at junction with
private road on right.
Stratigraphic unit: Mottville
Deltaic phase: Smethport
Description: Small but significant exposure of the calcareous
marine subgraywacke (without Paraspirifer acuminatus). It is 
a planar and flat-bedded sandstone, about five feet thick. The 
underlying and overlying contacts were not observed.
Interpretation: Its position above the laminated sandstones and
coquinites of the Pecksport indicates it is probably a remnant of 
the Mottville Sandstone.
2.5 Junction of Route 143 with Rensselaerville Road in
Westerlo - continue straight, do not stay on Route 143 
which turns right.
2.4 Junction with Route 85 - turn left onto Route 85.
4.6 End of Route 85 in Rensselaerville; turn right toward
Route 145 and Livingstonville on County Road 353.
124.0 0.2 Stop 9. Edmund Niles Huycks Preserve - park at white
house before bridge over Rensselaerville Falls. (NO 
HAMMERS AT THIS STOP - we will spend one hour climbing 
the falls and returning by a woodland trail to the
entrance.
Stratigraphic units: Pecksport-Mottville-Panther Mt.-Plattekill
Deltaic phases: Big Bend, Smethport, Catskill
Description: Section below the bridge contains 60 feet of massive
argillaceous sandstones and shales with a few Marcellus fossils.
The section above the bridge consists of 30 feet of interbedded
dark shales and siltstones with a fauna suggestive of the Pecksport.
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Straight and linguoid ripplesN 50°u Tha occur w u n  tneir long axes trending
srained faliS are °?pped ** an “n-echelon series of fine-
 
These shales 
stones. The small size
more distal position 
shales and siltstones from gray to red rnni h - units, and the gradual change
132.4 4.6 Junction of ft. 353 with Route 145 in Livingstonville;
turn right onto Rt. 145. *
Sandstone on east
shaped erosion surfaces w i t h  several small wedge-
£  s  bb ; d S
of the Mottville Sandstone exposure structures suggest a
formation of the Mottville  submerged barrier bar or off k 
Sinai embavment °r °ffshore bar beach near another mar-
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1. 2
Continue north on Rt. 
Junction of Rt.
Rt. 145 and turn right
140.9 4.7 This was the last stop; the return to the Thruway Motor
Inn in Albany will take slightly more than one hour.
145 toward Middleburg.
145 with Rt. 30 in Middleburg. Leave
(north) onto Rt. 30 toward 
Schoharie.
Junction of Rt. 30 with Rt. 43; turn right (east) onto
Route 43.
Junction of Rt. 43 with Rt. 146; turn left (north)
onto Route 146.












Junction with Rt. 146 and Main Street; turn left onto
Main St. (Rt. 146).
Intersection of Rt. 146 with Rt. 158 - continue on
Rt. 146 through Guilderland Center.
Junction of Rt. 146 with Route 20; turn right (east)
onto Rt. 20 towards Albany.
Junction with road to Rt. 87 (Thruway) - turn left. 
Take right fork at sign to "Office Buildings".
Get off of Thruway spur road at Washington Ave. (Exit
2; turn left at light.
Entrance to Thruway Motor Inn on Washington Ave.
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